A detailed analysis on the rare τ decay via τ → µeē and τ → µµμ in the string models with E 6 symmetry is reported. It is found that Γ(τ → µeē)
Introduction
The existence of a huge number of the degenerate vacua makes it difficult to investigate the experimental consequences of the superstring theory. Nevertheless, progress has already been made in extracting the phenomenological implications of the heterotic string models [1, 2, 3] , despite the lack of a theoretical frame work to determine the true vacuum of the theory. Here, one takes a less fundamental attitude by imposing the phenomenological requirements that the theory must reduce to the standard model at low energies [4] .
In this paper, we focus on a class of three-generation heterotic string models which have a symmetry structure E 6 × (N = 1 Supergravity) × (Hidden Sector) (1.1) at the compactification scale M C close to the Planck scale M PL = 2.4 × 10 18 GeV. This class of models arises naturally from the compactifications of the ten dimensional heterotic string [5] on the Calabi-Yau manifolds [6] , and from the N=2 superconformal constructions [7] , which allow for the breaking of the E 6 group to [SU ( where i, j are generation indices, i.e., i = 1, 2, · · · , n+3, j = 1, 2, · · · , n for a three generation model. The notations for these massless multiplets, in terms of the Standard Model particle 
and in some cases four new non-E 6 singlet light chiral multiplets, with the additional possible light state given by
Here tanθ = ν We will investigate the phenomenological consequences of this theorem in this paper.
In Sec. 2., we discuss the interactions of these new particles with the standard model particles [10, 2] and their implications on rare τ and µ decays. Sec. 3 briefly summarizes the results of Ref. [3] on the fermion family violating processes τ → µγ and µ → eγ. Sec. 4.
represents a detailed analysis on the decays of τ particle via τ → µµμ and τ → µeē where the conclusion is reached that these decay processes may be accessible at the SSC. Sec.5. is devoted to conclusions.
Low-Energy Effective Interactions and τ and µ Decays
The (27) 3 pieces in the superpotential,
and from the gaugino (λ interactions. There are quite a few sources contributing to these processes: (i) ν c 2 and n 1 through the gaugino interactions Eq. (2.2): 
which is present if n 2 andn 2 also remain light. (iii) E 6 singlets φ
a give
These are present provided φ
a remain light. An estimate on the relative sizes of these sources is given in Ref. [3] . Thus for the entire reasonable range of ε ≡ tan θ, i.e., 10 −3 < ε < 1, the dominant effects come fromν c 2 and n 1 which are always present independent of E 6 singlet couplings. Since theν c 2 and n 1 couplings hold for all models satisfying the conditions of the Theorem stated above, these decay processes are essentially a universal prediction for all phenomenologically acceptable models of this type. We shall hereafter consider only contributions fromν c 2 and n 1 and for simplicity we shall set their masses to a common valuem.
µ → eγ and τ → µγ Decays
These processes were studied in Ref. [3] , we briefly summarize the results here. We may parametrize the µ → eγ decay by an effective La-
where µ(x) and e(x) are the lepton fields. The coefficients a L and a R were determined to
where x = mẽ/m 2 and L(x) is the loop integral
and r ∼ 3.5. The total decay rate is proportional to a
, where δ 2 is yet another parameter of the E 6 model and maybe determined from the electron and tau lepton mass
The following relation is then obtained
which implies B(τ → µγ) ≃ 2 × 10 5 B(µ → eγ). Thus the theory predicts a definite relation between the two lepton number violating decays. As a consequence of theν c 2 and n 1 couplings (which arise from the gaugino couplings), the out-going leptons would be almost 100% right-handed polarized. This leads to a characteristic angular distribution of the out-going leptons relative to the spin of the initial lepton even if the spin of the out-going lepton is not measured.
τ → µµμ and τ → µeē Decays
These processes arise when the out-going photon in Figure 1 converts into an electron-positron pair or a muon-anti-muon pair. These processes cannot be described by an effective Lagrangian as simple as Eq. (3.1) which was obtained utilizing the fact that all the particles involved, in particular the outgoing photon, are on shell. Here, the intermediate photon is not on-shell, but we may still use the fact that the in-coming tau particle and the out-going muon arising from the gaugino vertex are on shell. Then the τ − µ − γ vertex can be written as:
where p and q are four-momenta for the in-coming τ and the out-going µ respectively,
, and
and L 2 and L 3 are loop integrals defined by
Notice that F R and f α R are much larger than F L and f α L . The differential decay rate for the process τ → µll, where l denotes either electron or muon, is given by
where M is the amplitude. The total rate can be calculated from integrating over q, q 1 and q 2 . In the rest frame of the in-coming τ lepton, the total decay rate is reduced into the following form:
where all the energy and masses are scaled by m τ , β is the angle between two out-going l particles, and
). The prefactor in Eq. (4.5) can be written as 
where the three body phase space (the range of E 1 and E 2 ) is determined by the δ-and θ-functions in Eq. (4.5) to be:
8a)
For τ → µeē decay, we have
where
After integrating over the phase space, we have
Similarly, for τ → µµμ, we have
where q 1 and q 2 are the momenta of the out-going muons and q is that of the out-going anti-muon, and L 
14)
The decay rates Γ(τ → µeē) and Γ(τ → µµμ) as functions of x = mẽ 2 /m 2 are listed in Table 1 . We see that for the physically interesting range of x, i.e., 0.01 < x < 100.0, Γ(τ → µeē) is about 6 ∼ 7 times Γ(τ → µµμ). These decay rates are about 1000 times less than that of Γ(µ → eγ), and therefore have much less chance to be detected. One nice feature about τ → µeē is that the out-going muon is almost 100% right-handed polarized which may be used as a distinguishing feature for its detection. Figure 2 and an event acceptance of 10% and the cleanness of the three lepton events, we conclude that the rare τ decay modes, τ → µeē and τ → µµμ, may be accessible at the SSC.
Conclusions
In conclusion, string models with E 6 symmetry are possible viable models from the low-energy phenomenological viewpoints. The rare τ -decays via τ → µeē and τ → µµμ, which may be accessible at the SSC, give yet one more channel to confront 6.03
